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Abstract
Background: We compared 2D, 3D high dose (HD) and 3D low dose (LD) gated myocardial Rb-
82 PET imaging in 16 normal human studies. The main goal in the paper is to evaluate whether the
images obtained by a 3D LD studies are still of comparable clinical quality to the images obtained
with the 2D HD or 3D HD studies.
Methods: All 2D and 3D HD studies were performed with 2220 MBq of Rb-82. The 3D LD were
performed with 740 MBq of Rb-82. A GE Advance PET system was used for acquisition. Polar maps
were created and used to calculate noise among (NAS) and within (NWS) the segments in the
noise analysis. In addition, the contrast between left ventricular (LV) wall and LV cavity was also
analysed. For 13 subjects, ejection fraction (EF) on 2D and 3D studies was calculated using QGS
program.
Results: For the H20 reconstruction filter, the mean contrast in mid-ventricular short-axis slice
was 0.33 ± 0.06 for 2D studies. The same contrast for the 3D HD studies was 0.38 ± 0.07 and for
3D LD, it was 0.34 ± 0.08. For the 6 volunteers where 3D HD was used, NAS was 3.64*10-4 and
NWS was 1.79*10-2 for 2D studies, and NAS was 3.70*10-4 and NWS was 1.85*10-2 for 3D HD
studies, respectively. For the other 10 volunteers where 3D LD was used, NAS was 3.85*10-4 and
NWS was 1.82*10-2 for the 2D studies, and NAS was 5.58*10-4 and NWS was 1.91*10-2 for the 3D
LD studies, respectively. For the sharper H13 filter, the data followed the same pattern, with
slightly higher values of contrast and noise. EF values in 2D and 3D were close. The Pearson's
correlation coefficient was 0.90. The average difference from 13 subjects was 8.3%.
Conclusion: 2D and 3D HD gating Rb-82 PET cardiac studies have similar contrast, ejection
fractions and noise levels. 3D LD gating imaging, gave comparable results in terms of contrast, EF
and noise to either 2D or 3D HD gating PET imaging. 3D LD PET gated imaging can make Rb-82
PET cardiac imaging more affordable with significantly less radiation exposure to the patients.
Background
Not long ago [1], we compared 2D with 3D modes in
myocardial 82Rb PET imaging at rest. Here, we would like
to extend the same comparison to gating myocardial 82Rb
PET imaging at rest. The gating imaging provides addi-
tional useful information like ejection fraction (EF) and
wall thickening. However, it is more demanding due to
loss of counts (e.g. bad beats rejection) and dynamic
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memory limitations. Due to the short half-life of 82Rb (75
s), 82Rb PET cardiac images tend to be count-poor. Addi-
tional shifting of counts in different hearth cycle phases
makes gating 82Rb PET myocardial imaging even more
challenging than non-gating imaging. Also, 82Rb biokinet-
ics, i.e., high blood pool activity approximately 2 min
after I.V. injection, combined with 82Rb short half-life,
requires a careful acquisition protocol in order to obtain
images of adequate quality. While 2D and 3D 18F – Fluor-
odeoxyglucose (FDG) imaging can be optimized based on
PET system performance characteristics, mostly described
by a noise equivalent count (NEC) rate [2], the dynamic
82Rb PET cardiac imaging is more complicated. Optimiza-
tion of 82Rb PET imaging requires taking into account
82Rb biokinetics and 82Rb short half-life, in addition to
the PET system performance characteristics.
The main goal in the paper is to evaluate whether the
images obtained by a low dose (LD) of 740 MBq (20 mCi)
in the 3D myocardial 82Rb perfusion gated PET studies are
still of comparable clinical quality to the images obtained
with the high dose (HD) of 2220 MBq (60 mCi) in 2D
and 3D PET 82Rb perfusion PET gated studies. The reduc-
tion in dose by a factor of three has significance in reduc-
ing costs associated with 82Rb and the consequent
potential of making 82Rb perfusion PET myocardial imag-
ing more affordable. Reducing the patient dose by a factor
of three also significantly reduces exposure to the patients.
Methods
All 2D volunteer studies were performed by injecting I.V.
2220 MBq (60mCi) of 82Rb. For six volunteers, 3D studies
were performed with a high dose (HD) of 2220 MBq of
82Rb and for 10 volunteers in the 3D studies, a low dose
(LD) of 740 MBq (20 mCi) of 82Rb was used. One volun-
teer participated twice, i.e., was imaged at two separate
occasions, in 2D and 3D HD, and 2D and 3D LD studies,
respectively. In all studies, i.e., 2D and 3D LD and 3D HD
studies, time per frame was 1 minute and total acquisition
time after appropriate delay, was 6 minutes. In the 2D
studies there was a delay of 2 minutes, in the 3D LD stud-
ies there was a delay of 3 minutes, and in the 3D HD stud-
ies there was a delay of 5 minutes. The heart cycle was
divided in 8 phases in the 2D gated PET studies. In the 3D
gated PET studies, 5 phases were used, due to dynamic
memory limitations. These human protocols were
approved by the Institutional Review Board of our Medi-
cal Center.
The GE ADVANCE (General Electric Medical Systems, Mil-
waukee, WI) system was used for all acquisitions in both
the 2D and 3D modes. The 2D images were reconstructed
using a filtered backprojection reconstruction method
and Hanning filters with a 0.33 cycles/pixel (H13) and
0.21 cycles/pixel (H20), cutoff frequency, respectively.
The 3D studies were reconstructed using a Kinahan-Rog-
ers [3] algorithm and also using H13 and H20 filters. The
matrix size was 128 × 128 and the pixel size was 4.29 mm.
Attenuation correction using an 8-min transmission scan
was applied in all studies. In the 2D studies, Bergstrom [4]
scatter correction was applied. For the 3D data, scatter cor-
rection was performed by fitting the tails of the sinogram
to a 2D Gaussian [5]. Transaxial gated slices were trans-
ferred to GE Xeleris system for further gated analysis.
A mid-chamber short axis slice was used for analysis (Figs.
1, 2, 3, 4). In addition to end dyastoli (ED) and end systoli
(ES) images, gated images summed over the cardiac cycles
were also used in comparison. The contrast value, which
was calculated as a ratio C = (A-B)/(A+B), where A and B
are the average activities in the left ventricle (LV) and LV
cavity respectively, was calculated from mid-chamber
short-axis summed slice (Figs 5 and 6). The contrast val-
ues were used in comparison between 2D vs high dose
3D, 2D vs low dose 3D and high dose 3D vs low dose 3D
studies, respectively. We used a paired t-test in the com-
parison of the contrast values. In our noise analysis, image
noise was defined as the coefficient of variation (COV,
100 × SD/mean (%)). Summed short axis slices from apex
to base were used to create circumferential profiles and
polar maps on which we superimposed ROIs (Fig. 7), giv-
ing 33 segments. For each segment, the mean value and
standard deviation was calculated.
Intrasegmental variance was investigated by calculating
variance for each segment, as well as all segmental vari-
ances and the average coefficient of variance. F statistics
were used to compare 2D and 3D HD studies, between 2D
Short-axis slices Figure 1
Short-axis slices. Mid-chamber short-axis slices in the 2D, 
3D HD and 3D LD volunteer 82Rb gated myocardial PET 
study. Reconstruction filter was H13, i.e. Hanning filter with 
0.21 cycles/pixel cutoff frequency.BMC Nuclear Medicine 2007, 7:4 http://www.biomedcentral.com/1471-2385/7/4
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and 3D low dose studies and 3D HD and 3D low dose
studies.
Intersegmental variance was investigated by applying a
logarithmic transform on each mean segmental value and
performing two-way ANOVA without replication. The
effects of different patients, different segmental positions
and interaction of different patients and segments
(assumed none) on noise were tested. Again, F statistics
were used to compare 2D and 3D HD studies, between 2D
and 3D low dose studies and 3D HD and 3D low dose
studies.
EFs were calculated using QGS program. Initially we did
not plan to compare EF in 2D and 3D studies due to dif-
ference in the number of phases used to cover the heart
cycle. As mentioned before, because of the dynamic mem-
ory limitations, only 5 phases were used in 3D gated stud-
ies. In retrospective comparison between 2D and 3D EFs,
3 sets of data were found to be corrupted and only 13 sub-
ject were used in the comparison. Also, our noise and con-
trast analysis showed that the 3D LD and 3D HD images
were very comparable. Therefore, we did not distinguish
between HD and LD 3D studies in the comparison
Mid-chamber short-axis slices Figure 5
Mid-chamber short-axis slices. Mid-chamber short-axis 
slices profile ROI.
Light volunteer Figure 3
Light volunteer. Results of comparison for light (49 kg, 162 
cm) volunteer, for 2D and 3D LD studies.
Short-axis slices Figure 2
Short-axis slices. The same as on figure 1 but for H20, i.e. 
Hanning filter with 0.33 cycles/pixel cutoff frequency.
Normal-weight volunteer Figure 4
Normal-weight volunteer. Results of comparison for nor-
mal-weight (75 kg, 188 cm) volunteer, for 2D and 3D LD 
studies.BMC Nuclear Medicine 2007, 7:4 http://www.biomedcentral.com/1471-2385/7/4
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between 2D and 3D EFs. A second reason for not splitting
between HD and LD 3D studies was the limited number
of subjects and we want to keep the same number of stud-
ies in 2D and 3D.
Results
Figures 1 and 2 show the results for a 54-y-old, 183 cm,
90-kg man, who volunteered twice. In the first study, 3D
imaging was performed with the high dose of 2220 MBq
(60 mCi) of 82Rb. Three months later in a second study,
3D imaging was performed with the low dose of 740 MBq
(20 mCi) of 82Rb. In both studies, 2D imaging was per-
formed with the high dose of 2220 MBq (60 mCi) of 82Rb.
Figures 1 and 2 show the 2D and 3D high (HD) and low
(LD) dose cardiac short-axis slices at end-diastole, end-
systole and summed over all phases, respectively. The fig-
ure 1 shows the results for sharper filter H13 with 0.33
cycles/pixel cutoff frequency, and figure 2 the same for the
smoother filter H20 with 0.21 cycles/pixel cutoff fre-
quency. The images in fig. 1 are quite noisy and routinely
we decided to use smoother filters. For smoother filter
H20, Fig. 2, the 3D HD images have slightly better con-
trast than 3D LD gated images, but both low and high
dose 3D images are comparable in quality, that is, in con-
trast, scatter from adjunct activity and noise to the 2D
images. Summed images are even more similar than end-
diastole and end-systole images. In our other volunteers
studies, 3D HD studies provided slightly better images,
i.e., with less amount of noise and slightly better contrast,
as summarized in Table 1 and table 2. However, the main
goal of our project was to determine whether 3D low dose
studies can replace the more expensive high dose 2D or
3D studies, providing images of comparable quality.
Therefore, the next two clinical examples are comparing
only 2D with 3D low dose studies. Figure 3 compares the
2D and 3D gated end-diastole and end-systole images,
and summed over all phases images, in 82Rb PET imaging
when the lower dose of 82Rb (740 MBq) was used in the
3D study. The subject is a 49-kg, 162 cm, 20-y-old female.
Here, all corresponding images, i.e., 2D and 3D LD gated
and summed are very similar. Only the images for the
smoother H20 filter, which is routinely used, are shown.
Figure 4 shows the results for a 75-kg, 188 cm, 32-year-old
man. Again, in the 3D study the lower dose was used and
only results for routine, H20 filter are given. The 2D and
3D gated and summed images are very alike.
Table 1 and table 2 gives the mean contrast values in mid-
ventricular short-axis slice for 2D and 3D low and high
dose studies for H20 and H13 reconstruction filters,
respectively. The contrast values in 2D and 3D LD studies
are very close. The contrast values in 2D and correspond-
ing 3D HD studies are also close, with 3D HD studies hav-
ing slightly higher values. The p value of 0.04 shows that
there was no statistically significant correlation between
noise in 3D low and high dose studies. The contrast values
are higher for the H13 reconstruction filter than for the
smoother H20 (table 1 and table 2). Noise among seg-
ments (NAS) and noise within segments (NWS) are also
given for 2D and 3D low and high dose studies, for both
filters. From table 1 and table 2 one can see that noise
among and within the segments is higher for H13, i.e., for
sharper filter than for H20 in 2D and 3D low and high
dose studies. Noise among and within the segments were
very similar for the 2D and 3D high dose (HD) studies,
although there were no statistically significant correla-
Table 2: Comparison of contrast values for 2D and 3D high-dose 
(HD) and 3D low-dose (LD) in 82Rb PET myocardial imaging – 
sharper filter H13
2D HD-3D 2D LD-3D
Contrast 0.48 0.50 0.33 0.34
NAS × 10-4 4.43 5.17 8.18 9.18***
NWS × 10-2 2.00 2.00 2.00 2.00
***p < 0.001 vs HD
NAS = noise among segments NWS = noise within segments
Profile curve Figure 6
Profile curve. Corresponding profile curve from ROI 
shown in figure 5.
Table 1: Comparison of contrast values for 2D and 3D high-dose 
(HD) and 3D low-dose (LD) in 82Rb PET myocardial imaging -
smoother filter H20
2D HD-3D 2D LD-3D
Contrast 0.33 0.38* 0.33 0.34
NAS × 10-4 3.64 3.70 3.85 5.58
NWS × 10-2 1.79 1.85*** 1.82 1.91**
*p = 0.04 vs 3D LD, **p = 0.025 vs 2D and 3D HD, ***p = 0.02 vs 
2D
NAS = noise among segments NWS = noise within segmentsBMC Nuclear Medicine 2007, 7:4 http://www.biomedcentral.com/1471-2385/7/4
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tions between noise within segments in 2D and 3D HD
studies (p = 0.02). In comparison between 2D and 3D low
dose (LD) studies, noise among and within the segments
was moderately higher for the 3D LD studies. However,
again there were no statistically significant correlations
between noise among and within segments in 3D LD
studies and 2D and 3D HD studies (p = 0.025 for H20 fil-
ter and p = 0.001 for H13 filter). For the sharper filter
H13, noise within segments was higher than for the
smoother filter H20 and was practically the same in 2D
and 3D low and high dose studies. The H13 filter pro-
vided relatively high noise images and is not used rou-
tinely in clinical practice.
The comparison between ejection fractions in 2D and 3D
gated PET studies are shown in figure 8 and 9. There is a
nice linear correlation between ejection fractions. The
Pearson's correlation coefficient was 0.90 and there was
no significant deviation from linearity (p > 0.10). The 2D
ejection fractions were generally slightly higher but aver-
age difference from 13 subjects was 8.3%.
Discussion
Gated myocardial images are usually count poor. Gated
82Rb PET myocardial imaging is an even greater challenge,
because  82Rb has quite a short half-life, making 82Rb
images count poor even without gating. Therefore, 3D
gated 82Rb PET myocardial imaging has great appeal due
to significantly higher sensitivity than 2D imaging. The
first goal of our study was to investigate whether gated 3D
high dose (2220 MBq) imaging, i.e., the same dose as in
gated 2D images, would achieve better performance due
to higher sensitivity. The results of our study indicate that
gated 3D high dose images did not provide better images,
because of the longer delay in acquisition from the time
of injection in 3D HD imaging, as discussed below. The
longer delay in 3D HD imaging diminishes the advan-
tages of the higher sensitivity in 3D imaging in compari-
son with 2D imaging. The second question was to
investigate the possibility of replacing high dose gated 2D
and gated 3D imaging with gated 3D low dose (740 MBq)
imaging. The advantage of 3D LD imaging, due to 3D
mode higher sensitivity, is the same count rate as in 2D
HD mode, but with a lower injected dose. This could lead
to significant cost savings in the purchase of an 82Rb gen-
erator and thus could make myocardial 82Rb PET imaging
more affordable [1].
Our results show that the contrast values between LV and
LV cavity were practically the same in 2D and 3D low and
high dose studies. However, the noise in 3D low dose
studies has been slightly higher when compared with the
2D and 3D high dose studies. Nevertheless, in spite of the
slight increase in noise in the 3D LD studies, the images
are very comparable with high dose 2D and 3D images.
Due to the fact that we used 8 phases in the 2D studies and
only 5 phases in the 3D studies, the ejection fraction val-
ues in 3D studies were slightly underestimated, in average
by 8.3%. The same effect was observed in the comparison
between 16 and 8 phase gated SPECT studies, where the 8
phase studies show 3.71% lower ejection fractions [6].
Comparison between 2D and 3D ejection fractions Figure 8
Comparison between 2D and 3D ejection fractions. 
Passing & Bablok regression scatter diagram with the regres-
sion line (solid line), the confidence interval for the regres-
sion line (dashed line) and identity line (x = y, dotted line), 
for the 2D and 3D EF. The correlation between 2D and 3D 
EF was 0.90 and there were no significant deviation from lin-
earity (p > 0.10).
Polar map Figure 7
Polar map. Polar map and 33 segmental ROIs used in our 
comparison.BMC Nuclear Medicine 2007, 7:4 http://www.biomedcentral.com/1471-2385/7/4
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Additional improvement in PET detectors [7] and better
correction algorithms [8] can make the differences in con-
trast, ejection fractions and noise even smaller.
In terms of dosimetry, the effective dose equivalent for
2220 MBq (60mCi) of 82Rb is 2.66 mSv. The kidneys, as
the critical organ, receives a dose of 19.98 mGy [9]. For
740 MBq (20 mCi) of 82Rb, the effective dose equivalent
is 0.89 mSv with the kidneys receiving only 6.66 mGy,
one-third of the dose for 2220 MBq (60mCi).
Conclusion
On our dedicated high counting-rate performance PET
system, 3D high dose (2220 MBq) gated PET imaging
gives similar contrast and noise level as high dose 2D
imaging. However, high dose 3D gated imaging did not
achieve a better performance due to a necessary delay in
acquisition from the time of injection, and slightly higher
randoms and scatter fraction. Low dose (720 mBq) 3D
gated imaging, while achieving similar contrast and ejec-
tion fractions, resulted in slightly higher noise, compared
to either 2D or high dose 3D imaging. In view of these
findings, we conclude that 3D low dose acquisition
images with optimized filtering can probably give accept-
able results with significant cost savings, related to pur-
chasing an 82Rb generator, and considerable decrease in
patient exposure.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
The authors, KK and JM, have made substantial contribu-
tions in acquisition, processing and analysing of data, and
writing the manuscript. The JHK made significant contri-
bution in calculating EF and analysing of data.
References
1. Knešaurek K, Machac J, Krynyckyi BR, Almeida OD: Comparison of
2D and 3D82Rb myocardial perfusion PET imaging.  J Nucl Med
2003, 44:1350-1356.
2. Lartizien C, Comtat C, Kinahan PE, Ferreira N, Bendriem B, Trébos-
sen R: Optimization of the injected dose based on noise
equivalent count rates for 2- and 3-dimensional whole-body
PET.  J Nucl Med 2002, 43:1268-1278.
3. Kinahan PE, Rogers JG: Analytic three dimensional image
reconstruction using all detected events.  IEEE Trans Nucl Sci
1989, 36:964-968.
Comparison between 2D and 3D ejection fractions of the same subject Figure 9
Comparison between 2D and 3D ejection fractions of the same subject. The 2D and 3D EF was 0.61% and 0.58 %, 
respectively.Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Nuclear Medicine 2007, 7:4 http://www.biomedcentral.com/1471-2385/7/4
Page 7 of 7
(page number not for citation purposes)
4. Bergstrom M, Eriksson L, Bohm C, Blomqvist G, Litton J: Correction
for scattered radiation in a ring detector positron camera by
integral transformation of the projections.  J Comput Assist Tom-
ogr 1983, 7:42-50.
5. Stearns CW: Scatter correction method for 3-D PET using 2-
D fitted Gaussian functions [abstract].  J Nucl Med 1995, 36:105.
6. Germano G, Kiat h, Kavanagh PB, Moriel M, Mazzanti M, Su HT, sur-
Van Train KF, Berman DS: Automatic quantification of ejection
fraction from gated myocardial perfusion SPECT.  J Nucl Med
1995, 36:2138-2147.
7. Knešaurek K: New developments in PET instrumentation.
Quo Vadis PET ?  J Nucl Med 2001, 42:1831-1832.
8. Ollinger JM: Model-based scatter correction for fully 3D PET.
Phys Med Biol 1996, 41:153-176.
9. Stabin MG, Stubbs JB, Toohey RE: Radiation dose estimates for
radiofarmaceuticals.  Radiation Internal Dose Information Center, Oak
Ridge Institute for Science and Education, Oak Ridge, TN 1996.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2385/7/4/prepub